A definite number of culms taken at random from all sections of a given plot or row considers most of the factors enumerated, but, as shown by standard errors in the tables, may result in considerable variation among replicates. However, the consistently small standard errors of the averages of at least six replicates from a given plot or from separate small plots in the same general area (table 18) indicate that the sampling method is satisfactory. Six replicates are considered adequate, and only slight reduction of the standard error is accomplished by use of 12 samples (table 2) . Twentyfive-culm samples at the 7io bloom stage weighed 25-35 grams when dry and represented the maximum size of sample that could be handled regularly.
Sample Preparation
Blanching. It is well recognized that blanching is necessary to inactivate carotene-destroying enzymes. The method of blanching, however, markedly influences the results, as shown in table 1.. For this experiment the culm tips of whole alfalfa were aligned and cut to 10 inches. After mixing, samples of 50 grams (green weight) were weighed, and four replicates were subjected to each of the indicated conditions. All samples were dried at 130 0 C for 45 minutes. It is evident that carotene retention was comparable in the three treatments and that the apparent carotene content was virtually the same in treatments 1 and 2. Hot-water blanching and squeezing, however, resulted in about 20 per cent loss of dry matter and a corresponding increase in apparent carotene content. These data agree in general with results reported by Bailey and Dutton (1945) on similar changes during the blanch- t Air entrance opening decreased 1/3; exit opening unchanged.
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Jones- ing of carrots. Unless carotene is reported in terms of green weight, as in the Zscheile-Whitmore method for green leaves (1947) , or the loss of dry matter is accurately determined in those cases in which carotene is determined on dried material that has been hot-water-blanched, this method will give erroneous results. Placing unblanched samples in the oven previously heated to 130 0 C resulted in effective blanching of the tissue. However, steam blanching is recommended as a rapid and effective means of handling numerous samples without carotene loss before drying.
For field blanching, the use of a pressure cooker (Griffith and Thompson, 1949 ) and a portable gasoline burner provides a very satisfactory method. In using a pressure cooker, the culms may be bent and the sample tied in a bundle to increase the number of samples handled. -It is essential to drive out all air with steam before closing the vent to insure high enough temperatures for effective blanching. At the conclusion of blanching the steam may be released rapidly. If necessary, the sample may be kept several hours in the shade before drying.
An alternative method was to autoclave samples in the laboratory soon after picking.
Drying. In the choice of an expedient drying method, one must sometimes balance known carotene losses in rapid drying against the longer time required for a lower loss. When a limited number of samples is to be dried, the time factor is of little importance, and conditions may be adjusted for minimum loss. When larger numbers of samples must be handled with limited time and drying facilities, larger losses from drying at higher temperatures may be tolerated if the loss is uniform among samples. There is little doubt that drying at low temperatures under high vacuum results in the least amount of carotene destruction of any drying method with which we are familiar. However, this method is not practical when a large number of samples is to be dried. Drying at 130 0 C was a common practice followed in the University of Chicago Botany Laboratory at Riverside, California (unpublished data), where it was found that losses were fairly uniform and were 10 per cent or less with the ovens used. Table 2 presents the results of an experiment which tested various drying conditions. The 'samples were taken from 12 plots of California Common on three successive days. In sampling, two 25-culm samples were taken as rapidly as possible from a given plot, and the plots were sampled in the same order each day. All samples were blanched in steam at 5 p.s.i. for 2 minutes in an autoclave within lh to 1 hour after sampling was started. Then the samples were separated so that no two from the same plot were subjected to the same drying treatments. The temperature of the plant material slowly increased as drying progressed. After drying, the samples were removed from the oven and weighed immediately. Some groups of samples were ground at once after removal from the oven, while others could not be ground until 1 to 2 days after drying. The ground samples were stored in tightly stoppered bottles at -12 0 C. Moisture was determined on 2-gram portions of the samples in November by drying in -open vessels placed in a convection oven for 2 hours at 100 0 C and then cooled in a desiccator.
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Results of the tests are complicated by the moisture differences among the treatments and, as will be shown later, strict comparisons can be made only on samples dried in a single day. Since the moisture contents given in table 2 were determined on samples that had been stored for some time, they are merely indicative of the moisture content when the samples were placed in the bottles after grinding. They do not indicate the moisture contents as the samples came from the original drying oven.
The carotene contents of the vacuum-dried samples averaged 302 p.p.m. and the samples at 130 0 C for one hour (treatment 6) 295 p.p.m. on a moisture-free basis. Using these figures the average total carotene for the two sets of samples would be 10.4 and 9.85 mg, respectively. Assuming no loss from vacuum drying, the loss from drying at 130 0 C in the oven was 2.3 per cent on the basis of p.p.m. carotene and 5.4 per cent on the basis of total carotene. Probably slight loss does occur even in vacuum drying. Changes due to isomerization of carotene during sampling and analysis were not considered of practical importance. Five per cent is a conservative estimate of loss, which is considerably less than differences of usual practical importance. Drying for an additional hour at 130 0 C resulted in at least 11 per cent destruction of the carotene present after one hour of drying (treatments 6 and 7).
In treatment 8, table 2, the entrance opening for air was changed to reduce the volume of entering air, resulting in a loss of carotene. It is thus very important to determine the characteristics of a given oven for such work. With the oven as employed, with maximum air openings and prompt removal of samples after drying, there were no significant differences in, carotene content of samples dried at 65 0 , 100 0 , and 130 0 C. Protein-content differences are not considered significant and, in general, follow the moisture differences. Mitchell and King (1948) found increasing carotene loss with increasing temperature, results not substantiated in this experiment. Differences in drying conditions in the oven could account for this discrepancy, since sample weights were very different (30-fold), and oven loads relative to drying capacities probably differed also.
Moisture Content
This factor was not considered in the major part of the work herein reported but merited consideration in greater detaiL From moisture data of table 2 it is seen that differences within single treatments are small and cannot explain differences in standard error, nor can they account for major differences in carotene content. As a general practice, samples should be ground immediately after removal from the oven, and the moisture content of samples should be determined at once, or ground samples should be maintained under constant conditions until a relatively constant moisture content has been reached.
In this study twelve 15-culm samples of alfalfa at %0 bloom were divided into leaf-plus-petiole and stem fractions. The leaf-plus-petiole fraction constituted 58 per cent of the total dry weight and contained 92 per cent of the Zscheile and Whitmore (1947) and 93 per cent given by Ham and Tysdal (1946) .
EFFECT OF VARIETY
Varietal factors such as leafiness, differential response to seasonal influences, dormancy period, resistance to disease and insect attack, and adapta- * Each figure is the average of samples from 6 plots (tables 3-8)
varieties were sampled throughout a one-year period, omitting the second cutting, which was not sampled. Tables 3 to 8 are arranged in parallel fashion to permit easy comparison of plots and varieties for both carotene and protein contents. The tables present in detail analyses for six varieties for each plot in the replicate series. In table 3 the B series of samples were taken one day later than the A series. In almost all cases the B value is higher than the corresponding A value of the previous day. The differences in the A and B averages are equal 
20.8
Sampled June 6 to 30, 1949. to or greater than the standard errors of the means. Table 9 presents a summary of tables 3 to 8, with over-all seasonal averages for each variety, which represent 36 individual plot samples. Averages of six varieties are presented for each cutting. In carotene content no variety is consistently higher than the others throughout the six cuttings, and the over-all averages are almost identical. The seasonal influence discussed later is evident throughout this series. Seasonal trends are not evident in the protein content, but the over- all averages are similar for the six varieties. Protein contents do not vary in a fashion parallel to carotene contents. Tables 10 and 11 present data for two successive cuttings of five common varieties and 10 strains. With one exception (California Common) carotene contents for the fourth cutting exceeded those for the third, while the reverse relation obtained with the protein content for all varieties. Four of the same varieties reported for the same cuttings in tables 3 and 4 (different plots) 19.5 * Sampled July 28 at 1/10 bloom. . Others sampled August 5, 1949, were of different maturity and past 1/10 bloom. The first-named parent of crosses was female. Numbers refer to specific plant selections; absence of a number indicates bulk seed of the variety named.
Common, did not differ from California Common, nor did California-grown Atlantic differ from Atlantic from seeds produced elsewhere. Table 12 includes data from 23 varieties and 15 selections for the third cutting. This large group of varieties and selections, each represented by only a single sample and analysis, presents a considerable range of values, from 190 to 274 p.p.m. carotene and from 16.0 to 22.6 per cent protein. The yellow selection of Kansas Common is excessively low in carotene, as in chlorophyll content, and simply shows that strains very low in carotene can be found. In general, protein values are parallel to carotene values, but the very limited number of samples would invalidate any generalization on this subject from these data, as discussed in the previous paragraph. Several generalizations might be drawn concerning carotene contents of certain groups of strains. The Indian selections are below average, those from Africa and Argentina are higher than the average, while two Chilean strains are about average. Utah Common is the highest of the "Common" group, which ranges from 201 to 260 p.p.m. Hairy Peruvian, Buffalo, Indian, and African are considerably lower than in the plots of table 3 for the same cutting. hybrid are similar in both carotene and protein contents and not greatly different from the other parent (California Common) in the same cutting (table 3) . Tables 15 to 17 compare three successive cuttings of five important selections and one cross. The selections from a Common (Chilean) source all had remarkably similar values for carotene and protein contents. The cross Nebraska-54 x African contained appreciably higher contents in all cases except for protein in the fifth cutting (table 16 ). This consistent trend over three cuttings suggests a possible superiority, which ma.y be due to increased leafiness of this cross. The seasonal upward trend of carotene values is evident in this series of observations.
PHYSIOLOGICAL FACTORS

Maturity
The importance of maturity as a factor to consider in carotene analyses is illustrated by the data of table 18. For this experiment, California Common plots were sampled twice a week during most of the period from July 15 (13 days after cutting) to September 16 (ripe-seed stage). Twenty-five-culm samples were taken from each of six plots, except for the initial samples that consisted of 50 culms each because of their small size. On and after August 8, additional samples were also taken from adjacent (previously unsampled) plots, since it was obvious that after this date excessive thinning of stand in' the initial plots was causing misleading results. The dry weights were determined shortly after removal from the oven. Protein and carotene analyses were made on these samples, and results are presented graphically in figures 1 to 4. After August 8, data are presented for both the initial and adjacent plots. Data from the latter are considered the more significant.
The dry weights of 25 culms increased in a linear manner until August 30. The rate of increase averaged about 1.3 grams per day throughout the period of increase. Stand-thinning in initial plots resulted in a marked increase in dry weight after August 9, the average rate of increase between August 9 and 30 being about 1.9 grams per day. During this period the fiber content increased rapidly. The dry weight increased from about 16 to 29 per cent during the course of growth. The rate of increase on a percentage basis, however, was not so constant as the increase in dry weight on an absolute basis and was markedly influenced by irrigations on August 3 and September 3.
Protein contents, plotted in figure 2, showed a steady and consistent decrease, the rate of which became less after 40 days. . The maximum carotene content ( fig. 3) was found in the pre-bud stage and decreased rapidly from then until the Ji.o bloom stage was reached. Thereafter the rate of decrease was less. The marked increase noted on the final determination (76 days) was undoubtedly influenced greatly at this time by a resumption of growth from lateral buds. The rate of decrease in carotene content was probably less than it would have been earlier in the season for a comparable growth cycle since, as will be noted below, the experimental period extended over a period of generally rising carotene content.
Although the carotene content in parts per million decreased markedly, the total carotene per 25 culms ( fig. 4) The above data indicate the necessity of sampling at the same stage of maturity (according to floral development) in any studies involving variety comparisons of carotene content. Other data supporting these findings will be presented below (tables 19 and 20) . Since varieties differ widely in maturity dates, the practice of sampling several varieties a given number of days from a common cutting date can lead to erroneous conclusions with regard to their carotene-producing capabilities.
Time of Day and Sampling on Successive Days
Extensive studies were made of the variation of carotene content during the day. Differences of 4 to 8 per cent were commonly obtained between the carotene contents of samples taken in the morning (8 to 8:30) and afternoon (2 to 2:30), but the differences were not consistent. One day the carotene content of the morning samples might be higher, and the next day the afternoon samples might be higher. Even on the same day, samples taken from alfalfa at different stages of maturity might show higher or lower values for either of the two times of harvest.
Data were obtained which show that differences of 4 to 8 per cent may also be realized if samples are taken at the same time of day on successive days, as illustrated by table 20. The carotene contents of the three varieties were practically the same for a given day but differed significantly at the 1 per cent level between the two days. To establish the cause of such differences would require much work with exact control over environmental conditions. This was not attempted. The results of Thompson (1949) . likewise not considered comprehensive enough to demonstrate a clearcut effect of the time of day. Seasonal Infiuenee
The importance of seasonal influence on carotene content is indicated best in table 9. The periods represent successive cuttings, made at the %0 bloom stage on a date carefully chosen for each of six varieties. At least six samples were taken from each variety, and over-all averages of varieties are presented for each cutting. An upward trend in carotene content is apparent in this period of one year, amounting to 65 per cent, and the value reaches a maximum at the sixth cutting. A similar trend is evident in a shorter period of 12 weeks during which California Common was sampled (table 19) . The increase was 14 per cent in this period. Other more limited studies (tables 10, 11, 15, 
